Patients with chronic segmental myocardial dysfunction may demonstrate improvement after coronary revascularization. To evaluate the early effects of percutaneous transluminal coronary angioplasty (PTCA) on resting left ventricular segmental function, we obtained serial twodimensional echocardiograms 1.1±0.9 days before and 3.1±2 days after elective PTCA in 40 patients. Echocardiograms were reviewed in a blind fashion; left ventricular segmental wall motion was analyzed in four short-axis views, and a score was assigned to each region (0, normal; 1, hypokinetic; and 2, akinetic). Abnormal regional wall motion was present in 20 of the patients before PTCA. Summed segment scores in these 20 patients showed an improvement in regional wall motion from 4.5±2.5 to 1.6±2.1 (p<0.01) after successful PTCA. Similar results were obtained when the patients were divided into those with or without a previous myocardial infarction. Improvement occurred in the seven patients without a previous myocardial infarction; the summed segment score decreased from 4.2±3.4 to 0.86±1.6 (p<0.05) after PTCA. Ten of the 13 patients with a prior myocardial infarction demonstrated improvement in wall motion after PTCA; the summed segment scores decreased 54% (p<0.001). Of the 260 segments analyzed in the study, 180 were normal before and after PTCA. Forty-nine of the 69 hypokinetic segments were normal, and 10 of 12 akinetic segments were hypokinetic after successful coronary revascularization. There was no deterioration in wall motion after PTCA. These data show that two-dimensional echocardiography was able to detect improvement in abnormal resting left ventricular systolic function after successful PTCA, and they support the hypothesis that patients with ischemic heart disease experience recovery of segmental left ventricular dysfunction after coronary revascularization. (Circulation 1990;81:1210-1216 P atients with myocardial perfusion that is chronically diminished yet adequate to maintain viable myocardium may demonstrate improvement in myocardial function after coronary revascularization.' This phenomenon, first recognized in patients undergoing coronary artery bypass surgery, has stimulated interest in the concept of "the hibernating myocardium.'1-8 Left ventricular function has important prognostic implications in patients with ischemic heart disease.910 Therefore, the identification of hibernating myocardium, and appropriate referral for coronary revascularization, may improve the morbidity and mortality rates associated with From the Cardiac Catheterization and Noninvasive Laboratories of the Dallas VA
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Methods

Patients
The study population consisted of 40 patients referred for elective PTCA of one or more major epicardial vessels. Although not consecutive, the patients were not preselected for this study, and only patients with a failed attempt at PTCA or patients with technically poor or uninterpretable echocardio- grams were excluded from the study. All patients had demographic and clinical characteristics similar to the standard routine patients undergoing PTCA. Only two patients had echocardiograms that were obtained after a failed PTCA. Three patients were excluded because of technically poor or uninterpretable echocardiograms. Approval for the studies was obtained from the respective committees for the conduct of human research at the two institutions. Of the 40 patients in this study, 20 had normal wall motion before and after PTCA and were not considered further in this study. The clinical characteristics of the 20 patients with resting abnormal segmental left ventricular function are summarized in Table 1 . There were 18 men and two women; their mean age was 57.6±10 years. Seven patients had no clinical history consistent with a previous myocardial infarction, had normal electrocardiograms, or had electrocardiograms without Q waves. Thirteen patients had a previous myocardial infarction according to accepted clinical and electrocardiographic criteria. In 11 of these patients, the myocardial infarction occurred 20.5 +±11.3 days (range, 3-46 days) before PTCA. In the remaining two patients, myocardial infarction occurred 240 and 840 days before echocardiography. One patient received thrombolytic therapy with intravenous streptokinase. Single-vessel coronary artery disease was present in 14 patients, and multivessel coronary artery disease was present in six patients. One patient had previously undergone coronary artery bypass grafting. PTCA was performed for relief of symptoms of refractory stable angina in 13 patients and for unstable angina in seven patients. The right coronary artery was dilated in 10 patients, the left anterior descending coronary artery was dilated in nine patients, the circumflex coronary artery was dilated in two patients, and a saphenous vein graft was dilated in one patients (Table 1) . Two patients underwent multivessel PTCA; the left anterior descending and the right coronary arteries were dilated in one, and the right coronary artery and a saphenous vein graft were dilated in the other. All 20 patients were taking aspirin, 18 patients were taking a calcium antagonist, 17 patients were taking nitrates (oral or cutaneous), and five patients were taking a /3-blocker at the time of selection for study. All but two patients continued on the same regimen throughout; diltiazem was added to the medical therapy of one patient, and nifedipine, aspirin, and persantine were added to the medical therapy of the other patient after PTCA. (Figure 1 ). These views permit the analysis of the anterolateral, posterolateral, apical, septal, and inferior regions of the left ventricular wall. Ventricular wall motion was graded in each wall region in each view with a modification of the terminology of Herman and Gorlin18: 0, normal; 1, hypokinesia; 2, akinesia; and 3, dyskinesia. The graded scores of all regions in each echocardiographic view were totaled, and the scores obtained from all views were summed for each patient. This summed segment score was the echocardiographic estimate of the dysfunctional myocardium.
Echocardiographic recordings were analyzed by two investigators without prior knowledge of the identity and clinical status of the patient and, in the case of study after PTCA, the results of the initial study. Interobserver variability was minimal; correlations between numbers of regions and summed abnormal wall motion scores were r=0.97 and r=0.96, respectively. When discrepancies occurred, blind evaluation by a third observer was obtained. Persistent discrepancies were resolved by consensus. An echocardiographic study was considered adequate when all 13 segments could be analyzed by each observer. The 40 patients in this study represent 75% of the patients referred for echocardiography. Three patients were considered unsuitable because of limited acoustic windows. Figure 2 shows echocardiograms obtained before and after PTCA.
Statistical Analysis
Summed segment scores obtained before and after PTCA were compared with a paired t test and were considered significantly different if p was less than 0.05. All values are expressed as mean±SD.
Results
The summed segment scores in the 20 patients with resting abnormal segmental wall motion before PTCA are summarized in Figure 3 . The mean summed segment score before PTCA was 4.5+±2.5 and improved to 1.6+2.1 (p<0.001) after PTCA. Although the summed segment score did not improve in four patients (20%), there was no deterioration in segmental wall motion in any patient after PTCA.
The summed segment scores of the 13 patients with a history of previous myocardial infarction are shown in Figure 4 . The mean summed segment score in these patients before PTCA was 4.6+2.0 and improved to 2.1±2.3 (p<0.001) after PTCA. Although there was no improvement in three patients, no patient in this group demonstrated deterioration in wall motion after PTCA. Figure 5 displays the summed segment scores for the seven patients without a previous myocardial infarction. The mean summed segment score before PTCA was 4.2±3.4. After PTCA, there was a reduction in the summed segment score to 0.9± 1.6 (p<0.02) indicating an improvement in segmental function. There was only one patient in this group who did not demonstrate improvement in wall motion after PTCA. The fate of all 260 segments analyzed in the 20 patients of this study is shown in Figure 6 . The 180 segments that demonstrated normal wall motion before PTCA were normal after PTCA. Of the 68 segments that were hypokinetic before PTCA, 49 segments improved after PTCA, and 19 2.0+2.0, p =0.11). The number of patients undergoing PTCA of the circumflex coronary artery was too small for subgroup analysis.
Discussion The factors that influence left ventricular function in chronic isehemic heart disease and that improve myocardial dysfunction after coronary revascularization remain undefined. In experimental animal studies, small reductions in coronary blood flow and short periods of severe, transient ischemia may produce prolonged periods of myocardial dysfunction without evidence of infarction.19-21 Furthermore, Gould and Lipsomb22 have demonstrated impairment in resting coronary blood flow when the luminal diameter stenosis of the coronary vessel exceeded 80%. Thus, an alteration in myocardial function in the setting of diminished coronary perfusion may be protective, because reduction in myoeardial oxygen demand may subsequently minimize the extent of isehemia or infarction. Further studies are needed to prospectively identify patients with hibernating myocardium who might benefit from coronary revascularization. The present study identifies dysfunctional myocardium but does not provide information on the mechanism by which wall motion is improved. Serial evaluation of patients undergoing PTCA with positron emission tomography or other scintigraphic methods that assess myocardial metabolism may allow us to successfully predict which patients may benefit from revascularization and provide insight into the basic mechanisms that cause reversible myocardial dysfunction. [30] [31] [32] 
